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Article type: Objective: Given the extent of saline lands worldwide, this study aimed to evaluate the
Research Article tolerance of Persian Camelthorn (Alhagi camelorum) to salinity stress during germination

and early growth stages following seed hardness removal, to promote its cultivation as a
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. minutes). Germination percentage, mean daily germination time, seedling vigor index,
Germination percentage
Seed hardness stem length, and superoxide dismutase (SOD) activity were measured.
Sodium chloride Results: Salinity stress significantly reduced germination percentage, as well as stem

S ide dismut
uperoxide dismutase length. Germination indices differed significantly between control and 200 mM

treatments. Increasing salinity decreased mean daily germination in all treatments. The
highest salinity level reduced stem length by 65% and 44% in the Mashhad population,
and 71% and 64% in the Gorgan population, compared to control, respectively. Treatment
with 100°C water and 200 mM salinity increased SOD activity by 56.9% in the Mashhad
population and 45.4% in the Gorgan population. Sulfuric acid treatment with 200 mM
salinity increased SOD activity by 25.4% and 13.0% in Mashhad and Gorgan
populations, respectively.

Conclusions: Sulfuric acid treatment for 35 minutes significantly increased germination
percentage in both populations compared to 100°C water treatment. The greater increase
in SOD activity in the Mashhad population suggests higher salinity tolerance, making it a
suitable candidate for cultivation in saline lands.
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Highlights
o« Sulfuric acid (35 min) and hot water (100°C, 1 min) effectively broke seed dormancy
and improved germination.

o The Mashhad population was more salt-tolerant than the Gorgan population.

« Both populations countered salinity through enhanced antioxidant enzyme activity.

Introduction

Seed germination and early seedling growth are the most critical stages in a plant's life
cycle (Kafi et al., 2005). Salinity stress adversely affects these stages through osmotic stress,
ion toxicity, and oxidative damage (Munns, 2002; Weisany et al., 2012). Over 800 million
hectares of land are affected by salinity, causing up to 20% yield losses in irrigated areas
(Munns, 2005; Ranjbar et al., 2018). Replacing salt-sensitive crops with salt-tolerant species,
such as forage halophytes, is a practical strategy for utilizing saline lands (Pirasteh-Anosheh
et al.,, 2017). Persian Camelthorn (Alhagi camelorum), a drought- and salt-tolerant legume
native to Iran, has considerable forage potential under saline conditions (Bazoobandi et al.,
2006; Ullah et al., 2022). However, limited information exists on its germination and early
growth under salinity, partly due to its hard-seeded nature requiring scarification (Sharashy,
2023; Haghanifar et al., 2024). Sulfuric acid and hot water treatments effectively break seed
hardness and enhance germination in Alhagi species (Merku et al., 2017; Pirasteh-Anosheh,
2020). Salinity also induces antioxidant responses, particularly superoxide dismutase (SOD)
activity, in these plants (Zeng et al., 2008; Ullah et al., 2022). Given the lack of knowledge on
salinity tolerance of Iranian A. camelorum populations, this study evaluated germination,
morphological traits, and SOD activity in Mashhad and Gorgan populations following seed
hardness removal, to identify superior salt-tolerant populations for saline land cultivation.

Method

A factorial experiment in a completely randomized design with four replications was
conducted in 2023 at the Seed Analysis Laboratory, Karaj, Iran. Two Persian Camelthorn
populations (Mashhad and Gorgan) were exposed to three NaCl levels (0, 100, and 200 mM)
and two scarification treatments: hot water (100°C, 1 min) and concentrated sulfuric acid
(98%, 35 min). Seeds were surface-sterilized with 10% sodium hypochlorite for 30 seconds,
rinsed, and placed in sterilized Petri dishes on Whatman No. 1 filter paper (25 seeds per dish),
with 10 mL of NaCl solution added. Dishes were kept at 30°C under a 16/8 h light/dark cycle,
with daily weighing and distilled water addition to maintain salt concentrations. Germination
(radicle >2 mm) was recorded daily. Measured traits included final germination percentage
(Maguire, 1962), mean daily germination (Ranal & De Santana, 2006), seed vigor index
(Abdul-Baki & Anderson, 1973), stem length, and SOD activity (Ullah et al., 2022). SOD
activity was determined by measuring NBT photoreduction inhibition at 560 nm. Data were
analyzed using SAS v9.4, with means compared by LSD test (p < 0.05).
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Results

Salinity stress significantly reduced germination percentage, as well as stem length (p <
0.01). Germination indices differed significantly between the control and 200 mM NaCl
treatment, while the 100 mM treatment showed no significant difference from the control.
Increasing salinity decreased mean daily germination in all treatments. The highest salinity
level (200 mM) reduced stem length by 65% and 44% in the Mashhad population, and 71%
and 64% in the Gorgan population, compared to the control, under hot water and sulfuric acid
treatments, respectively (Table 4). Sulfuric acid treatment (35 min) significantly increased
germination percentage in both populations compared to hot water treatment (1 min), with the
Mashhad population showing higher germination (95.11%) than the Gorgan population
(93.78%) (Table 2). SOD activity increased with salinity, with the highest increase observed
under 200 mM NaCl. Hot water treatment + 200 mM NaCl increased SOD activity by 56.9%
in Mashhad and 45.4% in Gorgan populations, while sulfuric acid + 200 mM NacCl increased
it by 25.4% and 13.0%, respectively, compared to the control (Table 5). The Mashhad
population consistently exhibited greater SOD activity and better germination performance
under salinity stress than the Gorgan population.

Conclusions

Sulfuric acid (35 min) was more effective than hot water (100°C, 1 min) in breaking seed
hardness and increasing germination in both populations. Salinity reduced germination and
growth indices, while SOD activity increased as a defense mechanism. The Mashhad
population exhibited higher SOD activity and better performance under salinity, indicating
greater tolerance. Thus, the sulfuric acid-treated Mashhad population is recommended for
cultivation in saline lands for forage production. Future field studies across salinity levels are
suggested.
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Treatment = Salinity stress

la;] gllas

< : < 36 18.666667 0.00242124 0.38095238 0.04232804 002380952 0.01748889 64.003479 0.05417012

ITOr
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T - 4.96 9.63 4.96 496 4.96 8.09 1572 7.82

CV. (%)

el a0V 50 Jloisl mlaw 1o (o o sixe (godimalas s 4y ¥ o e e NS
ns: Non significant, * and **: Significant at the 1 and 5 percent probability levels, respectively.
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Table 2- Mean comparison of seed hardness removal treatments on final germination percentage of two
Persian Camelthorn populations.

Coros 2N G @) e 2 Sl Fisle vy
Population Seed hardness removal treatment Final germination percentage
ol e
Control 30.54
e el d3 )17 ol s S 75.56°
Mashhad 100°C Water for 1 minute
4385 YO Soe 4 SOy 9] g S 95.11°
Sulfuric acid for 35 minutes
ol d
Control 42.66
oS b a2 )0 Ve s S, 83.56°
Gorgan 100°C Water for 1 minute
aiBo YO Do 4y S 598l gus sl 9378

Sulfuric acid for 35 minutes
ol LSD 5031 ol a0 iy Jlail mlas 5l sine <glas saims ol cgliie g >
The different letters indicate a significant difference at 5% probability level based on LSD test.
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Fig. 1. Changes in germination percentage of Alhagi camelorum seeds under different NaCl salinity levels
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Table 3- Mean comparison of seed hardness removal treatments on mean daily germination (MDG) of Persian
Camelthorn under different salinity stress levels.

o €95 A Silyx bugio  Gilsx kgt (ialyx buugie Siulyx hugio
N e 88 slos Sl ¥ee o) 39 5% 439, 39 5 439, G 39 30 439 395 0% 439,
Seed hardness removal (20w .
treatment - e 20,k <9 D § Cotnand
reatmen Salinity stress th th th th
(M NaCl) MDG 7" day MDG 14" day = MDG 21" day  MDG 28" day
ayo Vor O aids Sy Control aal 12.38° 5.38° 3.56° 243°
o ek 100 11.33°¢ 537°¢ 3.23°¢ 2.26°¢
100°C water for 1 d d d d
minute 200 10.38 428 2.58 1.58
YO oo dy S 98 gaw S Control sals 14.00° 6.59% 437° 3.28°
aido 100 13.89% 6.37° 423° 3.18°
Sulfuric acid for 35 b b b b
minutes 200 12.38 5.698 5.69 2.84

el LSD (5051 ol a0 i Jleito ! grhans j0 s sime &igles saims (jLis fygiw 5o 50 Siglite By >
The different letters in each column indicate a significant difference at 5% probability level based on LSD test.
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Table 4- Mean comparison of the interaction effects of population, seed hardness removal treatments, and
salinity stress on seed vigor and seedling length of Persian Camelthorn.

. azalS ay el (0 lw) azadlu Job
3 S @28y slows e u:" Seedling vigor index Stem length
Seed hardness (M:l"&f )t’“ o) OB Camos s Camos o5 Coros Meiad Carros>
alinity stress
removal treatment (mM )ILIaCl) Gorgan Mashhad Gorgan Mashhad
population  population  population population
azpoVer OF aids Sy Control uals 2.99 ¢ 3.02° 491 473"
gl 100 2.69 ¢ 2.76 ¢ 331°¢ 3.58°
100°C water for 1 R R R R
inute 200 132 0.93 171 1.36
4 S5l ga s Control usls 458" 520° 5.05° 536"
g VO e 100 3.99° 3.99° 464 453°
Sulfuric acid for d d d d
35 minutes 200 247 1.69 281 1.98

.l LSD Q}A}T bl as s mn Jliol gl jo b pxe Dglas saias lid giw o 0 Dglate By,
The different letters in each column indicate a significant difference at 5% probability level based on LSD test.
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Table 5- Mean comparison of the interaction effects of seed hardness removal treatments and salinity stress
on superoxide dismutase (SOD) activity in two Persian Camelthorn populations.
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1y it @8 slog ( S5 ":” ) (595 p S heo 2 w2351 92l9)
Seed hardness removal ot w’b‘ Ny st Superoxid dismutase activity (U/mg protein)
treatment Salinity stress s L
(mM NaCl) OB S oo Ml o
Gorgan population Mashhad population
Control sl 29.8690 © 27.0599 €
\.. '|’ Y &
g 42,010 ol ddBo S 100 54.6274° 542030
100°C water for 1 minute
200 54.7912° 62.8319 %
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R P '
SO TH Gdo & Sy pdlp s 100 56.9892 % 68.2228 *
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The different letters in each column indicate a significant difference at 5% probability level based on LSD test.
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